This study examines the role of feature curvature in cellular topography sensing. To separate the effects of feature size and curvature we have developed a method to fabricate grooved substrates whose radius of curvature (r) varies from under 10 nm to 400 nm, while all other dimensions are kept constant. With increasing r up to 200 nm mouse embryonic fibroblasts increased their spread area, but reduced their polarization (aspect ratio). Interestingly, on features with r % 200 and 400 nm, which had very little effect on spreading area and polarization, we find that internal structures such as stress fibers are nevertheless still strongly aligned with the topography. These findings are of importance to studies of both tissue engineering and curvature sensing proteins.
Introduction
The physical properties of the environment of a cell play a significant role in determining cell behavior and phenotype: the interplay between physical and biochemical signals influences the responses that regulate cell growth, differentiation, shape change and death [1] . Within the field of mechano-sensing one area of particular interest is cellular interactions with surface topography: numerous studies have shown that cells react to underlying topographical features like grooves and ridges by modifying their cytoskeleton and aligning with the topography. This phenomenon is referred to as contact guidance [2] .
A great deal of recent work has explored contact guidance in a variety of systems. Neuronal cells, epithelial cells, keratocytes and smooth muscle cells [3-6] all exhibit contact guidance on grooves and ridges by polarizing along the features. Fibroblasts respond to both feature size and feature density [7] . Furthermore, it has been shown that human corneal epithelial cells can elongate and align with ridges with widths as small as 70 nm [4] . Loesberg et al. [8] showed that fibroblasts respond to grooved patterns with a height and width of 35 and 100 nm, respectively. Fibroblasts and neurons plated on Ni nanowires for 24 and 72 h, respectively, displayed contact guidance [9] . Moreover, substrate topography has also been shown to influence cell differentiation. Human mesenchymal stem cells (hMSC) on polymethyl methacrylate (PMMA) nanopit arrays produced bone-specific extracellular matrix (ECM) proteins, despite the absence of osteogenic supplements [10] .
One of the mechanical factors that has received little attention to date is the curvature of features in the external environment: only a few studies have examined the effect of curvature on cell mechano-transduction. In one study it was reported that the amount of tissue deposited is proportional to the local curvature [11], a finding that could be important in the field of tissue engineering and designing artificial implants. Endothelial cells on curved surfaces respond rapidly to flow, with marked changes in filamentous actin central stress fiber formation [12] . When rat melanoma cells are exposed to micro contact printed geometries with local curvature there is strong localization of actinbased cytoskeletal structures on the adhesive islands [13] . Herrera et al.
[14] used a multiscale modeling approach and reported that increased curvature leads to a higher inhibition of contractile force. In previous experimental work the structures used had radii of curvature on the micron scale and above. However, because cells in the body spread on ECM fibrils with diameters between 260 and 410 nm [15] it is important to examine the role of feature curvature in this size range.
In this work we explicitly examine the role of curvature in contact guidance. In order to isolate the effects of curvature from other factors we have developed a technique to create features with nominally identical dimensions but varying radii of curvature. The technique used to fabricate these features is shown in Fig. 1a . Briefly, photolithography and plasma etching were used to generate an array of sharp lines with width w 0 , height h, and pitch p on a fused silica substrate. Next, a layer of silicon dioxide of thickness r was conformally deposited onto the substrate to give
